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sootoyaniya  siaterny  V-La’'  (Sngliah  vei'sicn  above)  by 
Ye.  M.  Savitskiy,  V.V,  Baron,  and  Yu.  3 .- Yefimov 'in 
Doklady  Instituta  Metalluryil  Irneni  A  .A.  Baytcova  (Works  of 
'0''ie"Tnstutu€i;-  of  Tfeta A7A7”Baykova”)  5>,  Pro¬ 
duction  Metallurgy,  Pr.-ysleal  Metallurgy,  and  Physicochenri- 
cal  Methods  of  Research,  Moscovv,  1S)60,  pages  166-173]- 


Pure  metallic  vana'diutn  has  become  more  available  for  in- 
vestigcition  only  quite  recently,  so  that  the  sti'ucture  of 
Its  alloys  has  not  been  sufficiently  studied.  ^  fhere  Is  an- 
a'Dsolute  lack  of  data  oin  t'hc  physleoraechanical  properties  ai 
the  phase  diagrariVs  of  vanadium  wi’th  the  rare-eart'n  metals. 


S  Li-UC 

tuo  O  V 


The  preser.t  viork  vjas  uridertaken  v;ith  the  purpose  OT?  coi-'- 
structing  a  p'naso  diagram  of  the  V-IiU  alloys.  For  t.his,  use 
was  made  pf  mlcrostractural,  thermal  and,  for  certain  alloy; 
radiographic  analyses:  ar.d  the  harc'ines;;:,  micnro-nardneES  ai'.d 
plasticity  under  compression  of  23  alJ.oys  of  vanadium  vjith 
lantVsanum  vaere  measured.' 


pf  ffilcrostractural,  thermal  and,  for  certain  alloj- 
ihic  analyses:  ar.d  the  harc'ines;;:,  micro-'nardneES  ai.c 
y  under  compression  of  23  alJ.oys  of  vanadium  vjith 


Ti'ie  basic  materials  used  \.';ere  carbothermal  vanadium 
(99-3h  V)  and  98.5-5$  pure  lanthanum.  Ti.ie  vanadium  cor;tained 
the  following  basic  admixtures:  0.25/?*  C,  O.Q2v>  N,  0.228;8  P 
end  not  rnox’e  than  0,2%  metallic  acimixtui’es;  lanthanum  0.04; 
Fe,  heavy  metals  (fb,  Cd,  Bi,  Sro)  leas  than  3  ‘  19  "‘y^; 
remainder,  the  sum  of  rare-earth  elements,  chiefly  ce,riurri. 

Tiie  alloys  were  -melted  in  an  arc  furnace  with  a  non-eon- 
su'mable  tungsten  electrode  on  a  water-cooled  copper  bottg'ni 
in  a  helrurn  atmiosphere  (0.5  at)  after  evacuation  to  10  mr 
of  rnercu,ry  and  flx.ishing  of  the  1‘urnace.  vjith  helium.  Before 
:'neltirig  each  alloy,  a  getter-  of  titanium  iodide  v;as  melted 
up  J’or  additional  'purification  of  the  inert  gas.  The  charge: 
of  50  g  co'nsisted  of  small  pieces  of  vra'.adium  and  lanthanum 
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the  surf  a  at  oxide  film  or.^ 
'orm  Gorapcsi tio'n  throughout 
;teci  to  a  quadrv.ple  renielting 
:ck6.d  by  m^asurting  tne  hard*- 
,ta-rriuffi  iodide.  This  raethod 
-drsess  of  titaniura  depe'nds_ 
i  nitropTen  content  iri  it  (Ij  . 


To  obtrrin  alloys  with  low  lanthanum  content  (less  tnein 
0  a  binder  (2.5?&  La)  i^as  first  prepared,  wnich  a:iter_ 

chSd-eal  analysis  was  then  introduced  into  the  pure  vanadium 

The  chemical  analysis  of  the  alloys  obtained  is  snown^xn 
Table  1.  Some  alloys  (up  to  La)  after  cpadrupie  rne^xng 
vie-'X--  noured  in  the  arc  furnace  into  moles  lor  Sux-tiA  loco  o,l 
f;ire'oros8-section  (10  x  10  irjru)  by  means  of  a  special 


h03.r't)h  * 


The  alloys  corjtaining  more  than  0,45&  La  oxidizeu  very 
ir,  air.  Hence,  the  samples  were  kept  in  vacaura 
oilV '"^The  alloys  with  a  smaller  lanthanum  content  aia  no.. 

oxldizchat  rcom  teTuperature. 


[Text  continues  on  page  4. J 
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Figure  2,  Goatiraued;  e)  1.3f  I-a?  f)  3a.89^  La» 

In  the  alloys  containing  less  than  La,  no  1 
observed.  These  alloys  are  tV'/o-phased  In  the 
traces  of  llmination  lA'ere  detected  either'  in  examining 
s  macrostructure  and  mlcrostrycture  of  the  alloy  with 

T 

*  J/O  . 


Homogenizing  roasting  of  all  the  alloys  in  evacuated 
irts  anpules  for  100  hours  at  800''  did  not  change  the 
“ucta.re  of  the  alloys,  e7ccept  for  the  alloy  with  0.07% 
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iguiacion  01  tne  srnaii  inclusions  oi  tne  second  pnase  ai 
boundaries  of  the  grains  of. the  solid  vanadium  solutio 
-g.  2,  c~f). 


From  a  comparison  betvjeen  the  microstructure  o 
;h  0.07%  La  and  those  of  vanadium  and  the  allov 


Figure  3*  Continued;  e)  0.37^  La  (1500®);  f)  0,14^  La.  (1650®^; 

g)  0.37^  La  (1650®);  and  h)  0.47^  La  (I650®). 

bility  of  lanthanum  is  vanadium  at  room  temperature  is  about 
OAfo  La.  Roasting  the  alloys  rich  in  vanadium  at  1100  for 
100  hours  results  in  a  certain  growth  in  the  grain  and 
further  coagulation  of  the  second  phase . 

The  investigation  of  the  micorstructure  of  the  alloys 
rich  in  lanthanum  required  special,  methods  of  preparing^ 
slides,  which  were  polished  on  a  cloth  moistened  with  alco¬ 
hol  and  were  photographed  immediately  after  preparation  and 
etching  (1-2  minutes) .  However,  this  did  not  always  produce 
good-quality-;:  photos .  Examination  of  the  microstructure  of 
alloys  rich  ih  lanthanum  did  not  give  positive  results  o\*JinJ 


trs  D-'-’esence  in  the  lanthavrara  of  admixtures  forming 

eutectic  with  it.  The  structure  of  these  alloys  can  only 
be  judged  from  the  data  on  the  thermal  analysi-s  and  their 
properties^.  .  ■  '  . 

To  deterrnivje  the  lirdt  of  solubility  of  lanthanum  in 
vanadium  in  the  solid  state  phase  microatructural.  analysis 
•was  employed.  The  .i'’oastfcd  alloys  v^iith  a  ianthariurri  concent. 
xx'o  to  viere  kept  in  a  vacuum  and  neated  oy  passxiig  a 
curirtcnt  tl'iX'ougri  theri'i  at  ilOO^  ipuO  ar^d  xou  a.v  hou.i-c', 

1  hour  and  30 ^minutes,  respectively,  and  were  annealed ^^from 
these  teii'iperciturss  in  water'  oi'i  a  special  insta flatlon  for  - 
ds terrnin J.'ug  the  rueltins .  point  avid  annealing  rei  i’accoi*,/  a3,lo,'/S 
The  solid  e;olut:Ion  O'ias  fixed  in  alloys  containing  up  to^ 

La  at  1100”,  up  to  0,37i^  La  at  1300°,  up  to  0  i.>a 
at"lc50”  (Fig.  3)  •  ’ 

At  those  tempers tux'e s  the  alxoys  with  j.argei'  la. i-nuTiuri 
content  wex'e  two—phaseo .  The  iTiici'03tr'UCi.ux'i'ij.  pLcsse  ^^anS"" 
lysis  'data  Indicate  an  ivicrease  in  the  solubility  of  lan¬ 
thanum  in  vanadium  vnlth  increase  in  temperature. 


TliERMAL  ANALYSIS 

The  melting  point  of  the  refractory  alloys  r’ich  'in  vatia 
ii!  was  aete.rm,riried  by  the  drop  msthod  with  the  aid  of  an 


dlarn  was  aece.rr,ririea  u,y  tijie 

oD""'C0l  nyroraeter  in  0  vacuum  or;  the  aDOve-r.ientioned  xnstaj..-^ 
l.y:ion.  ^The  sample o  were  heated  by  passing  a  current  tnrougr 
xb<-'n  fr'om  an  0.Tlj-40  transforir.ei’ .  The  pyrotTieter  was  graa- 


lation.  rne  sampieo  wei-e  necivea  «  . . . 

them  frorc  an  0311-40  transformer.  The  pyrometer  was 
uated  uv'idei'’  like-type  conditioriS  by  meitxng  points  oi  uLc 
pure  metals  (nickel,  titaniura  and  zirconium)  ,  The  incipyanc 
fusion  point  was  fixed  by  the  appearance  of  a  drop  it;  the 
depression  of  the  sample  D/ir 1/4) ,  the  ena  tempera  cure  01 


point  of  alloys  urorn 
the  lanthanum  content 
the  solidus  curve  com 
lanthanufii  in  vans, oluin 
drops  with  increase  ii 
of  4  to  l>&.  the  inel-^ 
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The  thermal  .analysis  of  the  alloys  rich  in  lanthanum  wae 


was  Duvnpea 


?vur 

nakov  pyrom 

ete 

r 

with 

4- 

L- 

he 

use 

r-. 

Ox  a 

i  1  p  1” 

in or hod 

ium 

the 

r 

moc 

ou 

ol 

e 

i 

n  e 

va 

cua 

see 

-Table 

1). 

Th 

e 

al 

1 0 

y  s 

re 

cu 

t  u 

\  pu 

t  into 

the 

qua 

X' 

tE 

a  Da 

pu 

].€; 

3 

ro 

m  w' 

i  ou 

f  r!rV 

V  .  L  -  i  % 

n  th 

:ey 

Vv 

ere 

a 

ea 

te 

1 

100 

-*1 

a min a  msltc 

d  1 

1. 1 

th 

0. 

al 

„  » 

lo 

■>  Y 

vB  C 

on 

tai 

vihlle  the 

’rac 

"C 

ory 

a 

a 

u  1 X  n  cA 

( 16 

.Id 

state . 

The 

con 

ver 

'Bi 

on 

s 

u, 

n(3e 

1:75 

orse 

:re 

recorde 

d  wb 

die 

cool! 

ng 

a 

t 

a' . 

X.  0, 

te 

are 

oboei’v 

ed  on  e 

a 

ch 

of 

t 

he 

coo 

li 

vi.  O' 
‘-*6 

iX  cli 

were  r 

ecox» 

ded 

not 

1 

es 

s 

t 

nan 

t 

^0  ■ 

en  tne  air 
vihereupon  ■ 
lie:  fi'oin  'lO 


alloy.  The  first  oerd  on  the  cooling  curve  for  pure  xan- 
thanurn,  at  885'%  correBponds  to  its  me?Lting  point.  For  all 
the  alloys,  the  first  bersd  is  observed  at  890°,  which  appar¬ 
ently  corresponds  to  the  formation  of  a  solid  lanthanura 
solution  by  anatectic  reaction.  The  second  bend,  observed 
on  the  cooling  cixrve  of  lanthavram  of  the  given  degree  of 
purity  at  675°,  corresponds  to  its  polymorphous  conversion, 
which"  coincides  with  the  data  in  the  literature  (1)  .  _ir.  ^ 
alloys  containing  from  to  95^  the  second  bend  is  oe- 

tecteci  at  700°  |  in  alloys  with  O.55C  V  the  beginning  of  the 
bend  of  the  curve  is  at  685”,  the  end  at  J0.0°  .  These  tem¬ 
peratures  correspond  to  the  conversion  in  the  solid  state  of 
t.he  cubic  face-cetitered  lattice  of  the  p -solid  lanthanum 
solu-tion  Into  the  hexagonal  lattice  of  the  ^  -solid  solution 
by  anatectlc  i^eaction:  ^4-  Tiras,  the  vanadium 

raises  the  temperature  of  the  polymorphous  conversion^  of 
the  lanthanum  by  25”.,  and.  the  melting  point  8y^5”  .  ^  The  low- 
temperature  conversion  of  lanthanum  (about  j ,  whicn 

takes  place  according  to  the  literature  data  (2,  3),-  -'*c>t 

detected  by  us. 

MECHANICAL  PROPERTIES 

Figure  4  shovxs  the  data  on  hardness  arid  plasticity  of 
roasted  alloys  under  conipresslon .  Small  additions  of  lan¬ 
thanum  produce  an  increase  in  the  haraness  of  alloys  owing 
to  the  foi’matlon  of  a  solid,  solution  and  thevi  a  dispersion 
seeretlcr’i  of  the  second  phase.  Here  the  plasticity,  remain¬ 
ing  constant  in  the  limits  of  the  solid  so3.utlon  [0.1%  La), 
diminishes  sharply  with  the  appearance  of  the  second^ phase 
in  the  .alloys,  clearly  confirming  the  limit  of  solubility  of 
lanthanum  in  vanadium  detecteo  cy  inj.ci'*ostruGtui'al  pixase  ci.ja  — 
lysis.  With  a  further  increase  in  the  lanthanum  content,  the 
hardness  gradually  dirniivishes,  and  the  plasticity-  increases, 
which  is  apparently  to  be  explained  by  the  increase  in  the 
quantity  of  the  softer  second  phase. 


-10-* 


Ovi  M 


UpOTi  passage  into  rne  area  oi  xaminacipn  tne 

har-dness  of  tlie  lamina  of  the  ^ -solid  solution  continues 
to  diminish  evenly  to  a  certain  limit  (200  kg/sq  mm),  vjhich, 
beginning  i;ith  203i>  La,  does  not  change  with  an  Increase  In 
the  lathsnurn  content.  The  hardness  of  the  larniira  of  the 
^ -solid  soi-utlon-  drops  from  5'+  kg /a  q  mm  for  an  alloy  viitn 
Chj  La  to  40  kg/sq  mm,  which  I'emalns  unchanged  up  to  99-5/ 
a.  The  hai’dness  of  the  cx. -solid  solution  of  the  alloys' 
is  somewhat  greater  than  that  of  pure  lanthanum  (37,-'^  kg/sq 
mrn) ,  which  confirras  the  presence  of  a  certain  solubility  of 
vanadiiitn  in  lanthanum. 
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P'lg.  4.  .Properties  of  alloys  of  vanadium  with  lanthanum 
in  the  roasted  state;  _ 

1.  Hardness  Hit  ;  2.  plasticit?/  under  cornpresslon  p 


X-RAY  STRUC'LURAL  ANALYSIS 

The  X-raying  of  alloys  containing  0.23  and  1.3^>  La  was 
done  from  powde/'S  in  an'  RKD  chamber  on  copper  i-aciiation  with 
filter.  The  computation  of  the'  .radiographs  confirmed’  rne^ 
presence  in  the  alloys  of’  two  so.i.j.d  so-tutions;  a  A 
tion,  rich  in  variadium,,  with  a  volume-centered  cubic  lattice 
?ind  an  ^  -solution,  rich  in  lanthanum,  vrith  a  he'xagonai 


lattice.  Be.caurse  of  the  blurring  of  tne  raaiograun  irnea 
no  orecj  S’e  raeasur-ciraent  of  the  parameters  of  tne  lattice 
^^as'made.  The  tentative  value  of  the  lattice  parameter  o 
the  saturated'  y-sclid  solution  is  a  =  3.037  The  van 

diuui  lattice  parameter  (X-raying  was  done  under  tp  same 

A A  A  4-  N  '*  C3  0  ^  3  Pi  *  j  wHB  i- i -1  uX'OvJUC  ’wX..  OiJ  V./.', 

_  >  .•  „  -  n  . .  — ...  ..v  T ^  V-,  •”!  4:1  rH""  o  t  '1 


Gonditlotjs ) .  is  a  =  3.03^^  A*  T.h'a.s,  tne  in'crouuc  u;, 

lantbarvuni  into  the,  solid  solution  results  in  a  certain  j 
crease  of  the  vanadium  lattice  parameter. 


A  cotviparison  'between  the  radiographs  of  lanathanutn  anc 
the  "alloys  also  confirms  the  preaerjce_  in  the  alloys  of 
lanthanum-base  solid  solution.  XDissolvlng  variaaiun-  in  la 
thanum  results  in  a  certain  (.tlstortion  of  the  lanathavram^ 
lattice  (c/ss  -  6.01b  iTor  lantnanum,  o.Oi’O  lor  too 

The  phase  diagram  of  the  alloys  of  the  vanadium-lar-^^ 
erra^rem:  n !"( n *’ t' r>n p.t » f?  h\r  US  froTTi  the  entirety  ot  tiui 
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